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Abstract 
A small neutron facility based on a compact accelerator has some advantages over a large facility in terms of 
accessibility and usability. One of main objects of a compact accelerator neutron source is neutron imaging. 
Therefore, we performed an optimization study on a pulsed thermal neutron source and an epithermal one based on a 
compact accelerator in order to use it for thermal neutron imaging and resonance neutron imaging. We have carried 
out simulation calculations to evaluate the neutron intensity change depending on the moderator size taking into 
account spatial resolution. The intensities from a small moderator were higher than that from a larger one when 
compared at the same L/D. However, field of view (FOV) constrained the minimal moderator size. At L/D of 100 and 
FOV from 10 to 30 cm, the optimal moderator size giving the highest intensity was from 10 to 12 cm. 
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1. Introduction 
A compact accelerator-driven neutron source is desirable since it has advantages over a large 
accelerator-driven neutron source in terms of accessibility and usability in spite of its low intensity. 
Recently, several projects to set up a compact accelerator-driven neutron source have been proposed at 
several countries. One of the main objectives of a compact accelerator-driven neutron sources is neutron 
imaging, for example, traditional neutron and pulsed neutron imaging such as neutron resonance 
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absorption spectroscopy (N-RAS) [1] and Bragg edge imaging [2] and so on. For the neutron imaging 
experiments, cold, thermal, epithermal region neutrons are used depending on an imaging object. Among 
them, thermal and epithermal neutrons are produced in the ambient temperature neutron moderator. 
Therefore, that kind of moderator is most suited for spread type of neutron source since it is easiest in 
operation and maintenance. In addition, the thermal and the epithermal neutrons can penetrate thicker 
sample compared to the cold neutron, and resonance absorption appears in epithermal region, so this 
energy region neutrons are important for non-destructive testing. 
Therefore, we aim to develop pulsed thermal and epithermal neutron sources in the neutron imaging 
based on a compact accelerator for the imaging at the thermal and the epithermal neutron region, and 
considered that the application of thermal source is radiography and that of epithermal source is 
radiography and N-RAS in this study. Firstly, we carry out the simulation calculations to evaluate the 
neutron intensities depending on the moderator size taking into account spatial resolution. In addition, 
considering the field of view (FOV), we study the optimal moderator size for the neutron imaging. 
2. Calculation methods 
In this study, the MCNPX [3] code of version 2.6 and the evaluated nuclear data file ENDF/B-V [4] 
and -VI [5] were used. The neutron generation reactions are photonuclear reaction for the application of 
N-RAS and imaging in the epithermal region. The Be(p,n) reaction with 11 MeV protons is recommended 
for the imaging with thermal and epithermal neutrons since the proton pulse width and the repetition rate 
are usually not suitable for N-RAS. Be(p,n) reaction gives a neutron yield of 2.15×1013 n/mA/sec [6] and 
photonuclear reaction 1.6×1012 n/kW/sec [7]. 
Fig. 1 shows a calculation model. Here, we chose a light water moderator which is the best material for 
neutron imaging in the thermal region [8]. For an epithermal source, the light water moderator is also 
much better than other materials in terms of intensity and pulse characteristics. The thickness of 
moderators which gives maximum intensities was used; they are shown in Table 1 with the corresponding 
application. The thickness of Be reflector, which is well known to have good characteristics as a reflector, 
was chosen as 50cm. The target materials are Be (a thickness of 2 mm and a radius of 2 cm) for Be(p,n) 
reaction and lead (4 cm cube on a side) for the photonuclear reaction. In Fig. 1, L means the distance from 
a collimator to a detector position, Ls is from a moderator to a collimator, D is the aperture of a collimator, 
and Ds is the side length of moderator surface. Here, we used the geometric factor L/D which determines 
the spatial resolution of the imaging. 
Firstly, we investigate the distribution of thermal and epithermal neutron on a moderator surface by 
varying the size of the moderator. Secondly, we calculate the neutron intensities at detector positions as a 
function of L/D. Finally, we calculate the optimal moderator size in terms of L/D and FOV. 
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Fig. 1. Calculation model for thermal and epithermal neutron sources. 
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Table 1. Applications and thicknesses of moderator for each neutron generation reactions. 
Type of neutron source Neutron generation reaction Application Thickness of 
moderator (cm) 
Thermal neutron Be(p,n) reaction Radiography 4 
Epithermal neutron 
Be(p,n) reaction Radiography 2.5 
Photonuclear reaction N-RAS, radiography 2 
 
 
 
 
3. Brightness and neutron intensities dependence on moderator size 
3.1. Brightness at the moderator surface 
To design the neutron moderator for the neutron imaging in a compact accelerator, it is necessary to 
determine the moderator size which gives maximum neutron intensity under the condition at constant L/D. 
Therefore, we calculated the distribution of thermal (less than 0.5 eV) and epithermal (0.5 eV to 10 keV) 
neutron intensities, that is, brightness on a moderator surface varying the side length of the moderator (Ds). 
Fig. 2 shows the ratios of the thermal neutron flux at a center of moderator surface depending on Ds, and 
Fig. 3 shows those of the epithermal neutron flux in the case of Be(p,n) and the photonuclear reaction. 
The intensity is normalized to unity at 10 cm. It was found that brightness of thermal and epithermal 
neutron of a smaller emission surface moderator is higher than that of a larger one. 
Therefore, it is expected that higher intensity will be obtained by using the smaller moderator under 
the condition of constant L/D. 
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Fig. 2. Ratios of thermal neutron flux at a center of moderator surface depending on Ds for constant L/D. 
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Fig. 3. Ratios of epithermal neutron flux at a center of moderator surface depending on Ds for (a) Be(p,n) reaction and (b) the 
photonuclear reaction. 
 
3.2. Neutron intensity dependence on L/D 
We calculated thermal (less than 0.5 eV) and epithermal (0.5 eV to 10 keV) neutron intensities 
depending on L/D at the detector position (10 m from moderator surface) varying the side length of the 
moderator surface. Fig. 4 shows the thermal neutron flux depending on L/D, and Fig. 5 shows the 
epithermal neutron flux depending on L/D in the case of Be(p,n) and the photonuclear reactions. Also in 
the pattern of each reaction, the intensity from a small moderator is higher than that from a larger one 
compared at the same L/D as expected. Although a wider moderator gives higher neutron intensity in the 
past study without consideration on the spatial resolution, if taking into account the spatial resolution, 
neutron intensity of a smaller moderator is higher than that of a larger one. 
Therefore, with respect to a compact accelerator-driven neutron source dedicated to the neutron 
imaging, the smaller moderator is much better than the larger one from the spatial resolution and the 
intensity point of view. 
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Fig. 4. Thermal neutron flux depending on L/D.
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Fig. 5. Epithermal neutron flux depending on L/D for (a) Be(p,n) reaction and (b) the photonuclear reaction.
 
4. Optimization of moderator size 
We found the neutron intensity from a smaller moderator is higher than that of a larger one, however, 
the field of view constrains the minimal moderator size when we consider the geometric condition. The 
following relationship can be derived from the geometric condition. 
( ) ( ) LLDDDD sss =+− 0         (1) 
where D0 corresponds to FOV. For fixed D0, L, Ls and L/D, the minimal moderator size (Ds) was obtained, 
and then we calculated the thermal (less than 0.5 eV) and the epithermal (0.5 eV to 10 keV) neutron flux 
at 10 m from various sizes of moderators under the condition of L/D from 50 to 100 and FOV from 10 to 
30 cm. Fig. 6 shows the thermal neutron flux depending on Ds at L/D of 100, and Fig. 7 shows the 
epithermal neutron flux depending on Ds at L/D of 100.  In these figures, “center” means the flux at the 
center of the detection surface and “average” the average flux over the detection surface. The maximum 
neutron intensities were obtained from the minimal moderator; we found the optimal moderator size 
corresponds to the minimal moderator size at each L/D. At L/D of 100 and FOV from 10 to 30 cm, the 
optimal moderator sizes of the highest intensity are from 10 to 12 cm. 
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Fig. 6. Thermal neutron flux depending on Ds at L/D of 100. 
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Fig. 7. Epithermal neutron flux depending on Ds at L/D of 100 for (a) Be(p,n) reaction and (b) Photonuclear reaction. 
 
5. Conclusions 
The thermal and epithermal neutron intensities of a small moderator are higher than that of a larger one 
at the same L/D because of its high brightness. Therefore, for a neutron moderator for the neutron 
imaging, a smaller moderator is much better than a larger one in terms of L/D. However, field of view 
(FOV) constrains the minimal moderator size, so we obtained the minimal moderator size under the 
conditions related to the neutron imaging. Finally, we found that the highest intensity was obtained at the 
minimal moderator sizes under the condition at L/D from 50 to 100 and FOV from 10 cm to 30 cm, that is, 
the optimal moderator size corresponds to the minimal moderator size. 
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